We have isolated from a bovine genomic library a clone which contains the calcitonin (CT) and CT gene-related peptide (CGRP) sequences, using probes representing the human CT and CGRP sequences. Sequence analysis has identified the nucleotide sequence coding for bovine CT, its C\ x=r eq-\ terminal flanking peptide and bovine CGRP. The deduced amino acid sequence of bovine CGRP revealed a significant homology with other CGRPs so far reported. It differs by only one amino acid from rat CGRP\g=a\and porcine CGRP, and by three and four amino acids from human CGRP\g=b\ and \ g=a\ respectively. Bovine CT has, however, only 14 out of 32 residues in common with human CT. As in the human CT precursor, the C-terminal flanking peptide of bovine CT precursor is a 21 amino acid peptide. It shares only 11 residues in common with its human counterpart. This study thus provides further evidence that CGRP, in contrast to CT and its C-terminal flanking peptide, is a highly conserved molecule.
INTRODUCTION
The organization and sequence of the calcitonin (CT) gene in two species, rat (Amara, Jonas & Rosenfeld, 1982è) and man (Edbrooke, Parker, McVey et al. 1985; Jonas, Lin, Kawashima et al. 1985) , have been established. In these two species the CT gene codes for the precursor of two peptides: CT and CT gene-related peptide (CGRP). The two mRNAs arise by alternate splicing of a common precursor RNA. The gene stretches over approxi¬ mately 65 kb and consists of six exons; the first three exons are present in both CT and CGRP mRNA, although exon one is not translated. Exon four contains the CT-coding sequence and a sequence encoding its C-terminal flanking peptide and this is followed by an untranslated sequence. Exon five encodes the CGRP sequence. Exon six, which is also part of the CGRP transcript, is not translated (for review see Breimer, Maclntyre & Zaidi, 1988) .
Calcitonin is a hypocalcaemic hypophosphataemic peptide which is implicated in bone conservation during times of calcium stress (Stevenson, Hillyard & Maclntyre, 1979) . It is produced by C cells of the thyroid gland in mammals (Foster, Baghdiantz, Kumar et al. 1964) and by ultimobranchial glands in submammalian vertebrates (Moseley, Matthews, Breed et al. 1968 ). Based on structure, three groups of CTs can be distinguished: (1) the primate and rodentian group: man (Neher, Riniker, Maier et al. 1968) and rat (Raulais, Hagaman, Ontjes et al. 1976) ; (2) the artiodactyl group: cattle (Brewer & Ronan, 1969) , sheep (Potts, Niall, Keutmann et al. 1970) and pig (Potts, Niall, Keutmann et al. 1968) ; and (3) the teleostean and avian group: salmon (Niall, Keutmann, Copp & Potts, 1969) , eel (Noda & Narita, 1976) and chicken (Lasmoles, Jullienne, Desplan et al. 1985) . The (Sanger, Nicklen & Coulson, 1977) using the protocol provided by the United States Biochemical Corporation (Cleveland, OH, U.S.A.), using a Sequenase kit, version 2.
RESULTS
When the bovine genomic library was screened under low stringency conditions with a human CGRP gene probe, five independently derived clones were iden¬ tified and one was selected for detailed study, as it contained sequences hybridizing with probes for exons 4 and 5 of the human CT/CGRP gene. The restriction map of the 75 kb EcoRI fragment isolated from the X clone is shown in Fig. 1 with a C-terminal glycine residue which is presumed to give rise to an amidated peptide (Fig. 2) . Sequence analysis of DNA from a cloned 705 bp Haelll fragment revealed the presence of an open reading frame coding for bovine CT and its Cterminal flanking peptide. As in human, murine and chicken procalcitonin, bovine CT is preceded by a Lys-Arg cleavage site and followed by a Gly-LysLys-Arg sequence, characteristic of an amidation and proteolytic cleavage site (Fig. 3) .
DISCUSSION
We have isolated from a bovine genomic library a clone which contains both CGRP and CT sequences within a 7-5 kb fragment which presumably repre¬ sents the entire gene. Determination of the bovine CGRP sequence brings the total number of CGRPs now characterized to seven (Fig. 4) . The amino acid sequence is remarkably conserved, with 26 of the residues absolutely conserved. The captive ring structure (residues 2-7) appears to be particularly important and is also conserved in the distantly related pancreatic peptide amylin (Cooper, Willis, Clark et al. 1987; Westermark, Wernstedt, Wilander et al. 1987) . There is strong homology with other CGRPs; bovine CGRP differs by only one amino acid from porcine CGRP (Kimura, Sugita, Kanazawa et al. 1987) (aspartic acid at position 31 in porcine CGRP instead of asparagine in bovine and other CGRPs which is the result of a single nucleotide base substitution) and from rat CGRPoc (Amara et al. 1982è) , by two residues from rat CGRPß (Amara, Arriza, Leff et al. 1985) , by just four amino acids from human CGRPoc (Morris, Pánico, Etienne et al. 1984) and chicken CGRP (Minvielle, Cressent, Lasmoles et al. 1986 ) and by only three residues from human CGRPß (Steenbergh, Höppener, Zandberg et al. 1985) .
The deduced amino acid sequence of bovine CT is in complete agreement with the published amino acid sequence of the isolated peptide (Brewer & Ronan, 1969) . Bovine CT is highly diverged from its human counterpart, only 14 of its residues corresponding with those of human CT. (Craig, Hall, Edbrooke et al. 1982 ) is a 21 amino acid nonamidated peptide, while that of rat is a 16 amino acid peptide (Jacobs, Goodman, Chin et al. 1981; Amara, Jonas, O'Neil et al. 1982a ). Chicken and human Cterminal peptides share only four amino acids (Lasmoles et al. 1985) . In cattle (the present study) it is predicted to be 21 amino acids long. Furthermore, salmon CT precursor C-terminal flanking peptide is only 18 amino acids long (Pöschl, Lindley, Hofer et al. 1987 ). The bovine C-terminal flanking peptide shares 11 out of 21 amino acids with its human counterpart (52% homology). Therefore, C-term¬ inal flanking peptide appears to be the least conserved of all the CT/CGRP peptides (Fig. 5) .
In conclusion, this study is the first report of the predicted sequence of bovine CGRP and of bovine CT precursor C-terminal peptide. It provides further evidence that CGRP, in contrast to CT and its C-terminal flanking peptide, is a highly conserved molecule.
